To establish better embryo induction procedures in anther culture of apple, the relationships between the microspore stage and the flower bud stage, and between embryo induction and the developmental stage of microspores during cold pre-treatment of flower buds were investigated. We classified the flower bud stages into four: "Tight cluster", "First pink", "Pink", and "Full pink". Each stage was defined by a morphological characteristic. The microspore stages were classified into seven: "tetrads", "early uninucleate", "miduninucleate", "late uninucleate", "early binucleate", "late binucleate", and "mature grain". The morphological characteristic in each stage was clarified. The "Tight cluster" flower bud stage mainly corresponded with the microspore stage of tetrad to mid-uninucleate. The "First pink" of the flower cluster mainly corresponded with the mid-uninucleate and late uninucleate microspore. The "Pink" and "Full pink" of flowering corresponded respectively with the late binucleate and the mature grain. Cold pre-treatment for more than 25 days of flower buds was found to be an efficient means of increasing embryo formation in anther culture. The microspore of late uninucleate and early binucleate stages grew into embryos efficiently after 25 days of cold pre-treatment. To achieve that condition, flower buds at late "Tight cluster" to early "First pink" stage were collected because the microspore stage progresses during 25 days of cold pre-treatment. Most microspores were early uninucleate to early binucleate stages at the "Tight cluster" to "First pink" flower bud stages. The shoots regenerated from embryos were analyzed using SSR markers. The investigation revealed that all shoots had a haploid origin.
Introduction
Apple is a temperate fruit species characterized by a long reproductive cycle with several years of a juvenile phase, a large tree size, and a high degree of heterozygosity derived from self-incompatibility. For these reasons, obtaining homozygous pure lines solely through crossbreeding is almost impossible; therefore, the production of a doubled haploid (DH) by anther culture offers new possibilities for genetic studies and breeding.
In anther culture, the formation of embryos depends on multiple factors such as the microspore development stage, culture medium, and incubation conditions, as well as the donor plant genotype, any of which could become a limiting factor. The microspore development stage is a key factor affecting the frequency of embryogenesis induction. Generally, anthers of which microspores are at the uninucleate stage are favorable for anther culture. In apple, the suitable stage for anther culture differs among reports, such as early uninucleate (Hidano et al., 1994) , mid-uninucleate or late uninucleate (Ogata and Wang, 1989) and late uninucleate to binucleate (Mii and Hasegawa, 1981) . Höfer (2004) reported that microspores at the mid-uninucleate stage were suitable for anther culture, whereas late uninucleate was suitable for microspore culture. The external morphology of flower buds was a major standard for sampling in anther culture. Xue and Niu (1984) , Hidano et al. (1994) , and Kadota et al. (2002) reported that when the petals of the king flower became pink, most microspores were at the uninucleate stage. However, in recent years, the embryo induction rate has fluctuated greatly; therefore, it was necessary to investigate the relationship between the flower bud stage and microspore stage at sampling time.
Physical or chemical stress treatments on panicles or anthers before or after anther culture were shown to be capable of improving microspore embryogenesis, of which cold pre-treatment appeared to be the most effective. Cold pre-treatment has become an important technique to enhance the induction rate of embryos in barley (Kasha et al., 2001; Lazaridou et al., 2005; Lezin et al., 1996) , wheat (Indrianto et al., 1999; Saidi et al., 1997) , maize (Barnabas et al., 1999) , and other important crops. In apple, cold pre-treatment was used extensively after the report of Wang and Ogata (1988) , who described that 16 days of cold pre-treatment were used. Fujii (1989) reported that 1-6% of embryos had developed after 4-20 days of cold treatment.
For this study, we used several cultivars to analyze the development process of microspores during cold pretreatment. We also investigated the relationship between the development stage of flower bud morphology and that of microspores exactly, with the intention of ensuring the optimum microspore sampling stage and to improve the induction rate of embryogenesis by treatment with an appropriate period of cold pre-treatment.
Materials and Methods

Plant materials
Flower bud clusters in apple (Malus × domestica Borkh.) cultivar 'Senshu', 'Starking Delicious', and 'American Summer Pearmain' were collected at different developmental stages from "Tight cluster" to "Full pink" (Fig. 1A-I ). Flower bud clusters of 'Starking Delicious' were collected in 2009 and 2011, and those of 'Senshu' and 'American Summer Pearmain' were collected in 2011. All flowers were collected from the research field of Iwate University and Apple Research Station at the National Institute of Fruit Tree Science.
1) Definition of flower bud developmental stages
Four flower bud development stages of "Tight cluster", "First pink", "Pink", and "Full pink" were defined as follows. At the "Tight cluster" stage, flower buds are tightly grouped and the petal is not visible because the sepal perfectly covers the petal (Fig. 1A , E, H). At the "First pink" stage, the sepals of the king flower open and the petal is visible. The petal color depends on the cultivar. Flower buds are tightly grouped (Fig. 1B, F, I ). When one petal of the lateral flower bud is visible (Fig. 1C, G) , it is called the "Pink" stage. At the "Full pink" stage, all flowers in the cluster appear to be pink (Fig. 1D ). Some buds in each stage were fixed in FAA (40% formaldehyde : ethylic acid : 100% ethanol : distilled water = 1 : 1 : 9 : 9) to investigate the relationship between the correspondence of the flower bud stage and microspore stage.
Cold pre-treatment
During cold pre-treatment, flower buds were placed in a cold (4°C) dark chamber for 0-50 days. In 2011, some buds were also used for histological analyses after cold pre-treatment.
Histological analysis
The specimens were washed with running water for 12 h and dehydrated in a graded series of ethanol (50%, 60%, 70%, 85%, and 95%) for 2 h in each solution at 4°C; then they were left overnight in 100% ethanol at room temperature. These specimens were passed through a graded ethanol/lemosol solution (100% ethanol, 3 : 1, 1 : 1, 1 : 3) for 2 h in each solution at 4°C, 100% lemosol at room temperature overnight, then in lemosol/paraffin solution (1 : 1) and 100% paraffin at 60°C for 12 h in each. Finally, these specimens were embedded in paraffin (Paraplast embedding media, 56-57°C (lit.); Sigma, St. Louis, MO, USA). Using a microtome, 6-10 μm tissue sections were made. These sections were de-paraffinized in lemosol for 10 min, hydrated in a graded series of decreasing ethanol concentration (100%, 95%, 85%, 50%, 30%) for 2 min in each, and finally in distilled water for 2 min. After de-paraffinizing, the sections were duplicate-stained with 0.5% hematoxylin and 1% safranin. After drying at room temperature, the sections were mounted in Canada balsam with a cover slip and examined under a light microscope (BX41; Olympus Corp., Tokyo, Japan). Five flower buds were used per treatment, and three sections were made from different parts of one bud. The numbers of all microspores and each stage of microspores in three sections were summed, and the rate of occurrence of each microspore stage in one bud was calculated as the value representing one bud. The percentages in each microspore stage were obtained as the mean of five flower buds.
1) Definition of microspore stages
For the development stage of microspores, seven stages of "tetrad", "early uninucleate", "mid-uninucleate", "late uninucleate", "early binucleate", "late binucleate", and "mature grains" were defined. The microsporocytes undergo meiosis to create tetrads of haploid cells, but only three microspores are apparent because of the tetrahedron style (Fig. 1J) . They release from one another and develop into the uninucleate stage. At the early uninucleate stage, numerous vacuoles are observed. The nucleus is still in the center of the cell (Fig. 1K) . At the mid-uninucleate stage, microspores grow larger and become ovoid with three deep grooves on the side (Fig. 1L) . At the late uninucleate stage, the vacuoles fuse and form one large vacuole. The nucleus moves to the cell edge. Microspores begin to become spheroid; grooves become shallow (Fig. 1M ). Then microspores undergo mitosis to develop to the binucleate stage. At the early binucleate, microspores grow to become spheroid and show a lighter color because some vacuoles divide again ( Fig. 1N ). At the late binucleate, microspores grow to become spheroid and are stained deeper with hematoxylin and safranin ( Fig. 10 ). Microspores continue to develop and become mature grains that appear triangular (Fig. 1P ).
Embryo induction
The embryo induction medium consisted of N6 medium (Chu et al., 1975) supplemented with 10 μΜ 6-benzylaminopurine (BAP), 0.5 μΜ α-naphthylacetic acid (NAA), and 5.0% sucrose. The pH was adjusted to 5.7 with 0.1 M NaOH before adding 0.3% activated charcoal (Darco G-60; Wako Pure Chemical Industries Ltd., Osaka, Japan) and 0.75% Bacto agar (Tsukuni et al., 2005) . Then the medium was autoclaved for 20 min at 120°C under pressure of 1.2 kg·cm −2 . After the cold pretreatment, flower buds were surface-sterilized for 6 min with 0.1% sodium hypochlorite followed by washing three times with sterilized water. Anthers were isolated from flower buds and transferred to the embryo induction medium. About 50 anthers were cultured in each Petri dish (90 × 15 mm) ( Fig. 2A ) containing 25 mL medium. The cultures were incubated in the dark (25°C). For the cold pre-treatment experiment, the number of 'Starking Delicious' cultured anthers was 41600 in 2009. For the culture of the 2011 season, 9080, 4531, and 5070 anthers, respectively, of 'Senshu', 'Starking Delicious', and 'American Summer Pearmain' were also used. The embryos were counted when they were transferred to the other medium for shoot induction from embryos.
Plantlet regeneration from the induced embryos and SSR analysis
After 7-18 weeks from the beginning of anther culture, embryos ( Fig. 2B ) grown to 3-8 mm were isolated from the anthers. These embryos underwent cold pretreatment in a cold (4°C) dark chamber for 90-150 days. Then shoots were induced (Fig. 2C ) according to the method described by Zhang et al. (2011) . After multiplication (Fig. 2D ) of these adventitious shoots, SSR analysis was conducted to confirm whether the shoots were derived from pollen grains. For the SSR analysis, total DNA was extracted from the leaves of adventitious shoots of 'Senshu' and 'Starking Delicious' using the DNeasy Plant Mini Kit (QIAGEN Sciences, Gaithersburg, MD, USA), and then 10 SSR markers (CH02c06, MS14h03, CH04e02, CH03d12, CH05d03, CH01f12, CH03d02, CH03b06, CH03b10, and CH04f10) (Gianfranceschi et al., 1998; Liebhard et al., 2002) showing a heterozygous genotype on the donor genotype 'Senshu' and 'Starking Delicious' were used for identification. The PCR profile included initial denaturation for 15 min at 95°C, followed by 35 cycles of 1 min at 94°C, 90 s at 55°C, 90 s at 72°C, and final extension of 10 min at 72°C. The other PCR conditions for amplification, usage of labeled primer, and the sequencing method of the PCR products of each SSR locus were identical to those described in a previous report (Okada et al., 2009) .
Results
Correspondence of the flower bud stage and microspore stage
As a result of investigating the relationship between the flower bud stage at the sampling time and pollen stage, the stage of pollen in each flower bud stage was clarified as follows.
(1) "Tight cluster"
Microspores from the tetrad to mid-uninucleate stage were observed in all three cultivars (Table 1) . Mainly observed stages were early to mid-uninucleate, miduninucleate, and tetrad to early uninucleate, respectively, in 'Senshu', 'Starking Delicious', and 'American Summer Pearmain'. (2) "First pink"
In 'Senshu', early uninucleate to early binucleate microspores were observed. The main stage was late uninucleate. In 'Starking Delicious', tetrad to late uninucleate microspores were observed and the main stages were mid-uninucleate and late uninucleate. In 'American Summer Pearmain', early to late uninucleate microspores were observed and the main stage was miduninucleate (Table 1) .
In 'Senshu', mid-uninucleate to mature grain stages were observed. The main stage was late binucleate. In 'Starking Delicious', mainly late binucleate microspores were observed. In 'American Summer Pearmain', mainly binucleate microspores were observed (Table 1) . Range of microspore stages. Main stage of microspores in the flower buds. Table 2 . Microspore development during cold pre-treatment in lateral flowers collected at the "First pink" stage (2011). 2. Microspore development during cold pre-treatment Table 2 shows that microspores continued to develop during cold pre-treatment. In the lateral flower of 'Senshu' collected at the "First pink" stage in 2011, before the cold treatment, 53.4% of microspores were at the late uninucleate stage and 31.5% were at the early binucleate stage. After 10 days, 36.1% of microspores developed into the late binucleate stage. After 25 days of cold treatment, 11.3% of microspores had developed into mature grains. In the lateral flower of 'Starking Delicious' collected at the "First pink" stage, before the cold treatment (0 day), 38.0% and 43.0% of microspores corresponded with the mid-uninucleate and late uninucleate stages, respectively. After 5 days, microspores were observed at the early binucleate stage. After 10 days, 70.0% of microspores were at the late 
Effects of cold pre-treatment on embryos and callus formation
The embryos emerged from anthers after 7-18 weeks of culture (Fig. 2B) . In 2009, 16-50 days of cold pretreatment of flower buds were used in 'Starking Delicious' (Fig. 3A) , and the result showed that the embryo formation rate increased rapidly after 20 days of cold pre-treatment and tended to rise during cold pretreatment; however, total embryo formation decreased from 36 days because the survival rate decreased rapidly by anther contamination (Fig. 3A) . Therefore, about 25-35 days of cold pre-treatment was apparently adequate. The index for efficiently acquiring the embryo is the total embryo formation rate.
In 2011, three cultivars were used to investigate the effects of cold pre-treatment of flower buds on embryo formation: 'Starking Delicious', 'Senshu', and 'American Summer Pearmain'. For 'Starking Delicious', the embryo formation rate also increased rapidly from 20 days (4.7%), which was about three times of 1.5% of 15 days (Fig. 3B) . For 'Senshu', the embryo formation rate was lower, but it also showed that the embryo formation rate of 25 days (4.4%) was twice that of 15 days (2.0%) (Fig. 3C) . The cultivar of 'American Summer Pearmain' proved that it has a high capability of embryogenesis, 34.3% of embryos were obtained after 30 days of cold pre-treatment, which was about 15 times that of 2.3% of 15 days and twice that of 25 days (15.4%) (Fig. 3D) .
In addition, the callus formed within the early period after the culture start and then decreased as the cold pretreatment period lengthened. In 2011, the callus formation rate decreased from 20, 20, and 25 days of cold pre-treatment, in 'Starking Delicious' (Fig. 3B) , 'Senshu' (Fig. 3C) , and 'American Summer Pearmain' (Fig. 3D) , respectively. In 2009, the callus formation rate continued decreasing in the cold pre-treatment in 'Starking Delicious' (Fig. 3A) . When the cold pretreatment lasted longer than 20 days, embryo formation was induced and callus formation was suppressed.
Relation of the microspore developmental stage with embryo formation
The effect of bud stage on embryo formation is portrayed in Figure 4 . The most suitable bud stage for anther culture of 'Senshu' was "Tight cluster": 6.7% of embryos developed from the king flower, and 7.2% of embryos were obtained from anthers of lateral flowers. When the buds were in the "First pink" stage, 4.4% of embryos developed from anthers of lateral flowers. These three embryo formation rates showed no significant difference.
In 'Senshu', in the "Tight cluster" of the king flower at 0 day buds, 51.2% and 47.7% of the microspores were, respectively, at late uninucleate (Fig. 1M ) and early binucleate (Table 3 , Fig. 1N ) stages. Those of lateral flowers consisted of 11.4%, 50.0%, and 38.6%, respectively, of the microspores at the tetrad (Fig. 1J) , early uninucleate (Fig. 1K) , and mid-uninucleate stages (Fig. 1L) . After 25 days of cold pre-treatment of the "Tight cluster", 37.5% and 53.0% microspores on the king flower were, respectively, at the late uninucleate and early binucleate stages; 50.9% microspores in lateral flowers were at the late uninucleate stage.
When the flower cluster became the "First pink" stage ( Fig. 1B) , 13.7%, 53.4%, and 31.5% of microspores of the lateral flower at 0 day buds were, respectively, at the mid-uninucleate, late uninucleate, and early binucleate stages. For the lateral flower after 25 days of cold pre-treatment, 34.6% and 30.1% of the microspores were, respectively, at the late uninucleate and early binucleate stages.
Plantlet regeneration and SSR analysis
The shoots were regenerated from embryos derived from 'Senshu', 'Starking Delicious', and 'American Summer Pearmain'. In the SSR analysis, 10 SSR markers showing heterozygous genotype on the donor genotype 'Senshu' and 'Starking Delicious' were used for identification of anther culture-derived individuals from 'Senshu' and 'Starking Delicious'. Only one allele of donor cultivars was amplified in each sample (Fig. 5) . ('Senshu' 2011) . Embryo formation rate = (number of embryos/number of surviving anthers) × 100. Embryos were induced after 25 days of cold pre-treatmet on embryo induction medium, which was N6 medium supplemented with 10 μΜ BAP, 0.5 μΜ NAA, 5% sucrose, 0.3% activated charcoal, and 0.75% Bacto agar. Different letters represent significant differences according to Tukey's test (P < 0.05).
SSR marker analysis confirmed that all individuals had a haploid origin.
Discussion
1. Morphological differences of flower buds among cultivars 1) Criteria for "First pink" stage Coloring of the petal was a marked feature of this stage; however, the intensity of coloring depends on the cultivar. The petal coloring of 'American Summer Pearmain' is faint; therefore, petals of the king flower can be regarded as a criterion of the "First pink" stage, instead of their coloring. 2) Criteria for "Pink" stage As they develop, individual flowers in a cluster begin to separate from one another, but the timing of that characteristic varies among cultivars. The individual flowers of 'American Summer Pearmain' easily separated from one another before the petals of lateral flowers were seen; therefore, we referred to one petal of lateral flowers being visible as a criterion of the "Pink" stage, but we did not consider the time of one flower bud separating from a cluster.
3) Characteristics of 'American Summer Pearmain'
The flower buds of 'American Summer Pearmain' at the sampling time were smaller than those of the other two cultivars. The development stage of flower buds in 'American Summer Pearmain' is the earliest among the three cultivars. For example, 'Starking Delicious' and 'Senshu' reach the "First pink" stage, respectively, 7 days and 8 days after 'American Summer Pearmain'. The sepals of 'American Summer Pearmain' are short; those of 'Senshu' are long; therefore, the petals of 'American Summer Pearmain' are more easily exposed than those of either of the other two cultivars. At the same flower bud stage, the pollen stage of 'American Summer Pearmain' might be somewhat later than those of the other two cultivars because of the rapidity of sepal and petal development and the sepal shortness (Table 1) . Table 3 . Microspore development during cold pre-treatment collected at different flower bud stages ('Senshu' 2011) .
z Frequency of each microspore stage (%) = ΣC n /5 (n = 1-5), C n = A n /B n , A n , Number of microspores in each flower bud stage per bud; B n , Number of all microspores per bud; C n , Frequency of microspores in each flower bud stage per bud. Three sections were made from one bud. The numbers of all microspores and each stage of microspores in three sections were summed, and the rate of each microspore stage in one bud was calculated as the value representing one bud. For sampling, it is necessary to consider the cultivar characteristics such as the earliness of flower bud development and the sepal length.
Effects of cold pre-treatment on embryo formation
Experimentally obtained results demonstrate that cold pre-treatment can greatly improve embryo formation (Fig. 3) . The length of the cold pre-treatment of clusters markedly affected embryo formation in the anther culture of apple. The most effective period of cold pre-treatment for embryo formation was about 25-35 days in view of the overall efficiency of culture, shown in total embryo formation rates of Figure 3 .
Several researchers have studied the beneficial effects of cold pre-treatment before culturing of anthers in barley. Huang and Sunderland (1982) found that anther cold pre-treatment for 21-35 days before culturing was more effective for green plant production. Lezin et al. (1996) reported that cold pre-treatment of barley anthers for 14 days before culturing increased embryo formation and the regeneration of green plants more than in the culture without cold pre-treatment. Lazaridou et al. (2005) reported that more embryos and green plants were produced after 28 days of cold pre-treatment than after 14 days in barley.
Despite evidence that cold pre-treatment might enhance embryo formation in microspore or anther culture, the response mechanisms remain unclear. Saidi et al. (1997) reported for durum wheat that effects of cold pretreatment (3°C) were optimal at 8 days and that this might occur by interrupting or slowing the normal pollen differentiation pathway, making the microspores more susceptible to react to the in vitro condition. Xie et al. (1997) observed in rice microspore cultures during cold pre-treatment that the free amino acid content increased and that their relative proportions changed. These changes seemed to indicate a switch from a gametophytic to a sporophytic pathway (TenholaRoininen et al., 2005) .
Low temperatures also increased the frequency of endo-reduplication, leading to an increase of spontaneously doubled-haploid plants (Amssa et al., 1980) and induced numerous morphological, physiological, and hormonal changes in plant cells. For example, Zur et al. (2008) reported that the ABA content of wheat anthers increased in response to cold treatment.
Relation of pollen developmental stage with embryo formation
Previous reports of studies conducted on apple describe the use of microspores from early uninucleate to binucleate for anther culture (Hidano et al., 1994; Höfer, 2004; Mii and Hasegawa, 1981; Ogata and Wang, 1989) . In the present study, king and lateral flowers at "Tight cluster" and lateral flowers at "First pink" in 'Senshu' showed high embryo formation (Fig. 4) . In "Tight cluster", late uninucleate and early binucleate microspores were the main stages in king flowers, and early uninucleate and mid-uninucleate were the main stages in lateral flowers (Table 3 ). In lateral flowers at "First pink", late uninucleate and early binucleate microspores were mainly observed. These results suggest that the microspores that are mainly at the early uninucleate to early binucleate stage at the sampling time have high embryogenesis.
The microspore development stage strongly affects anther culture success. The exact development stage of microspores for embryo induction differs among species, but generally, the effective period for embryo induction is around the first pollen mitosis-that is, between the late uninucleate to early and mid-binucleate pollenprobably because the transcriptional status at that time is still proliferative and not yet fully differentiated (Touraev et al., 2001) . After the pollen grains begin to accumulate storage reserves, they usually lose their embryogenic capacity and follow the gametophytic developmental pathway (Heberle-Bors, 1989; Raghavan, 1990) .
For barley, Cistué et al. (1994) reported that the best stage for embryo induction was the mid-to-late uninucleate stage. For Brassica napus, Telmer et al. (1993) reported that the best stages for embryo induction are around the first pollen mitosis, from late uninucleate to early binucleate pollen grains. In tobacco, pollen grains at the binucleate stage respond best when starvation is used as the pre-treatment. When heat shock is applied instead, younger uninucleate microspores can be used (Touraev et al., 1996) .
Relationship among development stages of microspores and cold pre-treatment
In the maize anther culture, Barnabas et al. (1999) reported that microspores in the mid-uninucleate stage Table 4 . Embryo formation rate of lateral flowers collected at the "First pink" stage in each cold pre-treatment period (2011).
-No data. y Embryo formation rate = (number of embryos/number of surviving anthers) × 100. Cold pre-treatment was 4°C.
Cultivar
Cold pre-treatment period (day) continued their development during cold pre-treatment and that they reach the late uninucleate stage by the end of one-week cold storage at 7°C. For wheat and triticale anther culture, Pauk et al. (2003a, b) reported that the microspores developed during two weeks of cold pretreatment (4°C). In the present study, Tables 2 and 3 show that microspores develop slowly in cold pretreatment. The result of anther culture in 'Senshu' demonstrated that the stage of flower buds with high embryo formation ability was "Tight cluster" (Fig. 4) . Especially in the lateral flower, most microspores were at early uninucleate and mid-uninucleate stages before cold pre-treatment, but the main microspores were at the late uninucleate and early binucleate stages after 25 days of cold pre-treatment (Table 3 ). These results suggest that the pollen stages of late uninucleate and early binucleate after 25 days of cold pre-treatment were effective for embryo induction, especially at the late uninucleate stage (Table 3) , and suggest that the pollen grains apparently progress 0-2 stages during 25 days of cold pre-treatment ( Table 2 ). As presented in Table 2 , the ratio of the late uninucleate stages of 10, 15, and 20 days of cold pretreatment in 'American Summer Pearmain', 0, 5, and 15 days in 'Senshu', and 0, 5, 10, and 15 days in 'Starking Delicious' was equal to or more abundant than after 25 days of cold pre-treatment; however, the embryo formation rate was highest after 25 days in all three cultivars (Table 4) . Regarding the sum ratio of late uninucleate and early binucleate, those of 15 days and 20 days were equal to or more abundant than after 25 days of treatment in 'American Summer Pearmain'; however, the embryo formation rate was highest after 25 days. The same tendency was observed at 0, 5, and 15 days in 'Senshu' and 10 and 15 days in 'Starking Delicious' compared to 25 days for each cultivar. These results indicate that 25 days of cold pre-treatment are important for embryo formation. Moreover, microspores that developed into late uninucleate or early binucleate stages after 25 days of cold pre-treatment are important. The pollen grains progress apparently 0-2 stages during 25 days of cold pre-treatment (Table 2) ; therefore, the flower buds containing early uninucleate to early binucleate pollen stages, but mainly late uninucleate, are desirable for sampling (Table 3) . To achieve this condition, flower buds at the late "Tight cluster" to early "First pink" stage are preferable.
Further investigation of the relationship among the flower development stage, the microspore stage and embryo induction must be undertaken to clarify the cause of the annual change of the embryo formation rate. We are investigating the effects of weather conditions before anthesis on flower bud development.
